Abstract
Introduction
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Episodic memory refers to the vivid recollection of a specific event situated in a 5 particular place and time. Episodic memory requires the generation of an internal representation 6 of an ongoing episode as it unfolds as a sequence of events in a unique place and time (Tulving 7 & Madigan, 1970). The hippocampus is essential for episodic memory, and is thought to mediate scaffold onto which events may be bound together for later retrieval (Davachi, 2006) . In this 12 way, the contextual relationship between events dictates their association: greater similarity in stimuli themselves crucially depends on context, and that contextual segments affect the 10 representation of stimuli (Mack, Love, & Preston, 2016 ). This suggests a hippocampal-based 11 mechanism to parcellate experience into contextual chunks, such that events within a context are 12 perceived to be more similar, and events across contexts are discriminated (DuBrow et al., 2017).
13
If event segmentation is reflected in neural firing fields in rodents, we would expect 14 individual hippocampal cells to remap from one contextually relevant segment to another. context-dependent object discrimination task. In this task two objects were presented in each of 22 two spatial contexts, and which object was rewarded depended on the context in which the 23 4 objects were presented. Hippocampal units showed different firing patterns to the same object 1 across the spatial contexts, as if the experiences had been segmented based on the behaviorally 2 relevant spatial context (Komorowski et al., 2013 (Komorowski et al., , 2009 ). This is analogous to event The temporal context hypothesis proposes that context in the hippocampus includes a 10 gradually-drifting temporal signal, providing a scaffold for episodic memories (Howard & 11 Eichenbaum, 2013 continuously across blocks would be behaviorally suboptimal in this experiment. Rather, the 1 strategy to maximize reward would be to segment the experiment into behaviorally meaningful 2 contexts. 3 We trained rats to perform a blocked object discrimination task while we recorded 4 extracellularly from dorsal CA1 ensembles. As in earlier work that showed evidence for spatial 5 event segmentation (Komorowski et al., 2013 (Komorowski et al., , 2009 ), rats were presented with pairs of pots 6 containing unique odors and digging media and the rat was rewarded for choosing the correct pot rewarded. The event segmentation hypothesis predicts two stable mappings of objects and 10 places. In contrast, the temporal context hypothesis predicts a continuous decorrelation of neural 11 representations that was unaffected by the blocked structure of the experience. of Buprenex and cefazolin, as described above, two times a day (12 hour intervals). Animals 3 were allowed to recover 1 week before behavioral testing commenced. neurons were detected via threshold crossing and then sorted later using Offline Sorter (Plexon).
Only putative pyramidal cells with an average firing rate of less than 10 Hz, and at least one Histology. Upon completion of behavioral testing, rats were anesthetized with <5% 21 isoflurane in oxygen. Anatomical recording sites were confirmed by creating a small lesion in divider so that the experimenter could place the pots in a pseudorandom position. Once pots were 16 placed, the divider was removed and the animal was allowed to sample each pot, but only 17 allowed to dig in one. Upon digging, the unchosen pot was immediately removed and the animal 18 was allowed to dig until he found reward or gave up because he chose incorrectly. After either 19 completion of reward consumption or a 3 second delay following pot removal, the rat was 20 shuttled to the far half of the chamber and the divider replaced. The next trial commenced 21 immediately until trial 15 was reached. After the last trial of each block, the rat was shuttled into 22 the side alley to wait for 60 seconds. After the break, the reward contingency was reversed and 1 the next block of 15 trials was performed.
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Quantitative Analyses: All analysis of the collected data were performed using custom 3 scripts from MATLAB (MathWorks). ANOVAs were performed using the 'anovan' function in 4 MATLAB under a standard type 3 sum of squares. For individual unit analyses, peri-event 5 histograms were generated from 120 to 160 millisecond bins and smoothed using a moving 6 average of a three bin span. Units with an average firing rate of >10 Hz across the whole 7 recording session were assumed to be interneurons and were removed from all population 8 analyses. For population analyses, trial rate vectors were constructed for each cell by averaging 9 the firing rate across the two seconds surrounding the first sampling event on each trial, and then signaled not only by an increased trial duration per se but also by an intervening experience. Rats performed as though each block of trials was a new episode.
Following pre-training on simple pot discrimination, rats took roughly a week to reach a 3 criterion of 70% correct within a given session. Recording began after criterion was reached.
4
Once trained, all rats performed similarly to each other (Mean across rats=80% +/-1.97%, Single units code temporal structure. 7 We examined single unit activity by generating peri-event rasters and histograms 8 centered on pot-sampling events. Figure 3 illustrates the firing fields we anticipated under two Ensemble activity suggests hippocampal activity patterns slowly drift. 1 Event segmentation predicts that the hippocampus generates two stable representations, 2 one for each rule condition (Fig 5 top left) . Temporal context predicts that ensembles slowly 3 change, and new representations would be continually generated (Figure 5 bottom left) . To 4 compare these hypotheses, we constructed ensemble firing rate vectors from the average firing 5 rate during the two seconds surrounding the sampling event on each trial. We then z-normalized 6 each units rate across trials, and then calculated the Pearson correlation of the population vector 7 from each trial to all others to generate a correlation matrix for each rat (Supplemental Figure 2) . 8 We then averaged that matrix across all animals to generate a grand mean correlation matrix to factors including behavior, response outcomes, and temporal interval. The behavioral recency effect would predict a memory signal that drifts within a block of 2 trials. We assayed the change in population activity at each trial lag within the 15 trial blocks 3 ( Fig 6A) . We found significant temporal drift in the representations of the same object and 4 position combination within the 15 trial blocks, ( Figure 6A) Finally, the representation of the delay in between blocks also progressively changed 22 across time (Slope of correlation vs. lag=-0.076, observed slope exceeded all 10000 perms, perm 23 mean=-3.6 x 10-3, σ=0. 017). We observed strong temporal drift in the whole population as well 1 as in the representation of the same object and position that persisted into the inter-block-2 interval, and there was no sensitivity to the repetition of the rule conditions.
Hippocampal shifts between blocks can be accounted for by time. 5 We observed continual drift in the hippocampal population that seemed to ignore the 6 contextual cues. However, behavior indicated that the animals responded to the contextual In this experiment we sought to determine how the hippocampus codes for behaviorally- reduces the possibility that it is simply a measurement artifact---all of the recording 5 methodologies would have to have independent artifacts that happen to produce the same results.
6
This raises the possibility that population drift reflects a functional correlate of hippocampal 7 processing.
9
There was no evidence of event segmentation 10 In this experiment we found no support for event segmentation in either behavior or in of such an effect across these two paradigms places an important boundary conditions on the 6 circumstances under which event segmentation can occur. Event boundaries failed to separate memory traces 9 We found that imposing a boundary cue, in this case the removal from the task suggests that our animals failed to track the latent causes in this experiment, and therefore we 6 hypothesize they were unable to segment experience based on shifts in latent cause. This would 7 explain our failure to observe either neural reinstatement or neural segmentation in this 8 experiment.
Segmentation might be achieved across time by using more explicit or salient contextual 
Time expressed in the MTL
17
The drifting representation found in this experiment provide a continuous dimension for 18 relating experiences and is a viable mechanism for tracking the temporal relationships of events 19 across macrotime (Howard Eichenbaum, 2017) . In this experiment, many individual cells had 20 firing fields at the point within a trial when the rat sampled the objects, but that firing field was 21 also organized around a set of trials over the experimental session. Thus, objects and places were temporally modulated drift may be a central mechanism for the generation of a spatiotemporal 10 scaffold onto which events and places may be bound and related. 
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